Irreversible inactivation of protein kinase C by a peptide-substrate analog.
Protein kinase C (PKC) is a phospholipid-dependent isozyme family that plays a pivotal role in mammalian signal-transduction pathways that mediate cell growth and differentiation and pathological developments, such as the acquisition of drug resistance by cancer cells. Several peptide-substrate analogs have been shown to reversibly inhibit PKC with high potency and selectivity, but peptide-substrate analogs that antagonize PKC by forming a covalent complex with the enzyme have not been reported. The development of active site-directed irreversible inactivators of PKC could provide new insights into the catalytic mechanism and might ultimately lead to the design of novel therapeutics targeted at PKC. In this report, we show that the peptide-substrate analog Arg-Lys-Arg-Cys-Leu-Arg-Arg-Leu (RKRCLRRL) irreversibly inactivates PKC in a dithiothreitol-sensitive manner. The inactivation mechanism most consistent with our results is the formation of a covalent linkage between the inhibitor-peptide and the enzyme at its active-site. Limited proteolysis of PKC produces a catalytic-domain fragment that is independent of the phospholipid cofactor. RKRCLRRL antagonized the histone kinase activity of PKC and its catalytic-domain fragment with similar efficacies, achieving > 50% inactivation at an RKRCLRRL concentration of 10 microM. In contrast, RKRCLRRL analogs with single amino acid substitutions at Cys were non-inhibitory. The inactivated complex of the catalytic-domain fragment and RKRCLRRL was stable upon dilution, and the inactivation of PKC and the catalytic-domain fragment by RKRCLRRL was quenched by dithiothreitol, providing evidence that the enzyme and the synthetic peptide may be covalently linked in an inactivated complex by a disulfide bond. Substrates and substrate analogs protected the catalytic-domain fragment against inactivation by RKRCLRRL, providing evidence that inactivation entailed binding of RKRCLRRL at the active-site of the enzyme. S-Thiolation is the formation of mixed disulfides between proteins and low molecular weight thiols. PKC is thought to have a highly reactive Cys residue in its active-site, and Cys residues that are flanked by basic residues, as is the case in RKRCLRRL, display enhanced reactivity. Our results support an inactivation mechanism that entails S-thiolation of the active-site of PKC by RKRCLRRL. This is the first report of irreversible inactivation of PKC by an active site-directed peptide.